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By definition a poikilotherm is an animal whose internal state fluctuates with 
temperature changes in its environment, a lowering of environmental temperature 
resulting in a reduction of metabolism or activity. Accordingly, it is to be expected 
that a poikilotherm living in colder habitats and subjected seasonally to low tempera¬ 
tures would have a lower metabolic rate than would the same species inhabiting 
a region of higher temperatures. Nevertheless, considerable information indicates 
that many cold-blooded animals living in colder habitats operate at higher rates 
than those we could expect by deduction from their rate-temperature curve. This 
is supported by the observation that many species of marine invertebrates are as 
active in colder seas as those in warmer waters. This phenomenon of compensatory 
adaptation of rate of metabolism or activity has been recently reviewed by Bullock 
(1955) and Prosser (1955). 

Compensatory adaptation has been studied in three different ways: (1) by 
experimental acclimation of animals at various temperatures; (2) by observation 
of animals at various seasons; and (3) by comparisons of groups of individuals 
varying in latitude. 

It has been observed, especially among the aquatic poikilotherms, that certain 
species from the northern and southern regions may show rather similar rates of 
functions when measured at their own habitat temperature. Many animals from 
higher latitudes tend to show higher rates than animals from lower latitudes, when 
measured at any given temperature. 

With respect to latitudinal temperature compensation, we find numerous in¬ 
vestigations. Different species of a genus or different individuals of a given species 
show about the same rate functions in Greenland, the North Sea and the Mediter¬ 
ranean (Sparck, 1936; Thorson, 1936; Wingfield, 1939). Thorson (1956) says 
(p. 695) Uk . . an arctic Macoma community at 0° C. shows, roughly, a similar 
metabolic rate, a similar rate of growth, and similar feeding habits, as a boreal 
Macoma community at 8° C., or a Mediteranean community at about 12° C., or a 
tropical community at a still higher temperature.” 

The more recent investigations deal, in large part, with studies of the same 
species from different latitudes, and the results obtained by Roberts (1952) and 
Rao (1953) on crabs and mussels along the west coast of the United States are 
also in favor of a certain adaptation of metabolism or activity to temperature in 
different populations. 

In 1948, Dr. Dorothy Bliss (personal communication) undertook a few experi- 

1 Present address: Institut de Biologie, Nancy, France. 
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ments concerning the tolerance to low temperatures of two species of Uca from 
Woods Hole, Massachusetts, namely U, piignax and [/. pngilator, and of two 
latitudinal populations of Uca pugilator from Woods Hole and from Florida. 
These experiments suggested first, a very obvious difference in the resistance to 
cold between the two species of Uca from Woods Hole, and secondly, a noticeable, 
although less impressive, difference in the behavior of the northern and southern 
populations of Uca pugilator when very low temperatures were reached, that is 
to say, between 1° and 3° C. 

The purpose of this present investigation was to continue with this problem of 
physiological variations and compensatory mechanisms, perhaps resulting from the 
different latitudes at which Woods Hole and Florida crabs are living. Uca 
pugilator (Bose), the sand fiddler, according to Rathbun (1918) and Crane 
(1943), ranges from Boston Harbor to Galveston, Texas. Up to now, a single 
species has been described, and Jocelyn Crane (personal communication) states 
that the taxonomic problem of Woods Hole and Florida Uca pugilator has not 
yet been investigated. 

We have been concerned, first, with comparisons at a given temperature of the 
metabolism of these animals, measured as oxygen uptake, and, in addition, with 
observations of their activity and their resistance to cold. 

This work has been carried out during a sojourn at Harvard University while 
holding a Smith-Mundt Fulbright travel grant. It was supported, in part, by 
Research Grant B-623 from the National Institute of Neurological Diseases and 
Blindness, Public Health Service. I am happy to express my thanks to Dr. J. H. 
Welsh for his kind hospitality, for his constant and valuable support and for all 
material facilities he provided. I am also much indebted to Dr. Dorothy Bliss who 
helped me with the use of the respirometers and showed a constant interest in the 
course of my work. 

Materials and Methods 

Crabs from Woods Hole (latitude 41° N) and from Florida (vicinity of 
Englewood, latitude 28° N) were shipped periodically to Cambridge, Massachu¬ 
setts. As soon as they arrived, they were placed in containers with a small amount 
of sea water and kept at room temperature, that is to say, at an average of 20° C. 
They were fed fish twice a week. Water was changed regularly. Some experi¬ 
ments dealt with animals which were kept for various lengths of time at 10° C. 
Throughout the work, only male crabs were used. 

For the determinations of the rates of oxygen consumption, Dixon volumetric 
respirometers were employed. Carbon dioxide was absorbed either by Ascarite 
or by 20% KOH. In some experiments, in order to absorb any excreted ammonia, 
a cupric chloride solution was added in the apparatus containing KOH. No 
significant differences in readings were noted. Two temperature baths were used 
in measuring oxygen consumption; one was maintained at 15° C., the other at 
1.4° C. 

A period of time varying between one-half hour and three-fourths of an hour 
was devoted to equilibration of the apparatus. Every experiment was run at the 
same time of the day (between one P. M. and six P. M.) to avoid fluctuations due 
to the diurnal variations in metabolism. Readings were made at convenient inter- 




Table I 

Respiratory rates of Uca pugilator measured at 1.4 


RESPIRATION OF FIDDLER CRABS 


247 


a 

4) 

c t 


(u 

60 C 
(d 




<0.01 

highly 

signif. 

0.10 

no signif. 

<0.001 

highly 

signif. 

< 0.05 

signif. 

<0.01 

highly 

signif. 






ON 


O'! 

1 

-r 






ON 










cs 


CN 


oi 















O 


Ov 

CN 

O 


to 



*2 rt 

o 

ON 

VO 

00 






2? 






CN 




tn *0 









60 










c 

C 


00 

CN 

60 

Ov 

00 

60 


c 

e 

<u 

E 





60 
























c 

a 


C?s 

vq 



00 


rt 



4) 

60 


00 

00 

00 

to 

00 

VO 



C 

1 

1 

1 

1 

1 

1 

1 



rt 


(M 

CN 

’-H 

to 

Ov 





c<i 

CS 

CN 

(>i 



60 



C 

VO 

ON 

>o 

CN 

VO 

60 

to 


JS 

60 

4> 

ON 


00 

60 

O 

00 



L 

6 


ro 

cs 

c4 

60* 

CN 

CN 


— 60 


CN 

irj 

o 

'-r 

60 

to 

60 


o 


rt 

00 



ON 

60 



JO 

4) 

60 

c 

1 

fO 

1 

60 

1 

60* 

1 

60* 

1 

60 

I 

t 


flj 

rt 


o 

U-3 

60 

to 

to 

to 




tH 


CN 

00 


CN 

O 





r 4 



cs 

CN 




4) 









O' 

c. 



Ov 

o 


o 

00 



E 









00 

rt 

CO 












a 


6 


I 

o 

'O 


4) Co 

&I? 


No observations made during fifth week. 















































248 


NOELLE DEMEUSY 


vals. The first hour's readings were discarded, for we observed an excessive 
oxygen consumption at 1.4° C and at 15° C. After one hour, more uniform 
uptake occurred. (Recently, Grainger (1956) has observed a similar phenomenon 
with Artemia.) Readings were recorded during the following three hours. Re¬ 
sults have been corrected to standard temperature and pressure. 

The observations on cold tolerance were made on the animals after they had 
been taken out of the respirometers. 


Results 

L Rate of oxygen consumption as a function of latitude 
1. Measurement at 1.4° C. 

According to the previously mentioned experiments of Dr. Bliss, we chose the 
temperature of 1.4° C. for our comparisons between the rates of oxygen consump¬ 
tion of Woods Hole and Florida Uca. 

The measurements were begun on the first day after arrival for southern crabs 
and on the tenth for the northern populations. Starting on September twenty- 
seventh, they were continued for an eight-week period for Florida crabs and a 
seven-week period for those from Woods Flole. The stocks of crabs of both regions 
were kept at room temperature (20° C.). Each day the rates of oxygen con¬ 
sumption of two crabs of each population were measured and then the animals were 
discarded. In no case was an animal used twice. 

a) The results, as seen in Table I, indicate that there is an obvious difference 
between the rates of oxygen consumption of the two populations when recorded 
at this temperature and converted to standard conditions. We tested the signifi¬ 
cance of the differences between these rates in using the t test of significance after 



Figure 1. Oxygen consumption of Uca pugilator from Florida (O) and from Woods Hole 
(#), as a function of time spent at 20° C. Measurements were made at 1.4° C. 
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Table II 

Respiratory rates of Uca pugilator measured at 15° C. 


Populations 

from: 

Size of 
sample 

Wet body weight (g.) 

Qo 2 (mmVg./hr.) 

Significance of 

range 

arithm. 

mean 

range 

arithm. 

mean 

standard 

deviation 

difference between 
Q02 

Woods Hole 

12 

2.32-3.85 

2.33 

29.3-16.8 

25.0 

4.60 

t = 1.15 

P>0.10 

Florida 

14 

1.30-3.17 

3.15 

37.3-16.0 

22.2 

6.90 


no signif. 


Chambers (1952). This indicates clearly the possesion of a compensatory mecha¬ 
nism by Uca pugilator in relation to its habitat temperature, the northern group 
showing the higher rate. 

b) During their sojourn at a common temperature of 20° C. no significant 
change in the rate of oxygen consumption could be noticed either in Florida Uca 
or in Woods Hole Uca, A straight horizontal line could represent the steady rate 
of oxygen consumed over the period of seven or eight weeks (Fig, 1). Therefore, 
the same amplitude of divergence still exists between the two groups at the end 
of their sojourn at 20° C. 

c) A comparison between the two series of values obtained shows that there 
iS' a greater spread in the values of Q 02 for Woods Hole animals than for those 
from Florida. 

2. Measurements at 15° C. 

Determinations of the resting metabolism of the two populations made at the 
common higher temperature of 15° C. gave a mean value of 25 mmYg./hr. for 
Woods Hole Uca pugilator and a mean value of 22.2 mmYg./hr. for the Florida 
group. The difference is not statistically significant (Table II). 

3. Temperature coefficient 

It would be reasonable to expect to find an alteration of the sensitivity of 
metabolism to temperature changes among the cold-adapted population from Woods 
Hole. This would mean that the northern animals could withstand large tempera¬ 
ture variations and show less change in their oxygen consumption than those 
living in the south. In fact, such findings have been revealed by different investi¬ 
gators for various physiological activities in many different species (Rao, 1953; 
Dehnel, 1955; Tashian, 1956). Rao and Bullock (1954), in their review of the 
relation of Q^o to the temperature at which the animal is adapted, give good 
evidence of a decrease in Ojo '^vith high latitude, in spite of contrary results reported 
by Scholander et al, (1953). 

From our metabolism studies on Uca pugilator from Woods Hole, we find, 
between 1.4° C. and 15° C., a Q^o of about 2.47. If we compare the rates of 
Florida Uca at the same temperatures, we get a Q^o of 3.52. This shows a decrease 
in Qio, with increasing latitude. Recently, Tashian (1956) found a Q^o of 2.6 
for Uca speciosa (weight 0.3-1.4 g.) from Key Biscayne, Florida, for temperatures 
between 14.8 and 24.5° C. If we calculate the Q^o from his results on Uca pugnax, 
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which were about the same weight as our Uca pugilator (3 g.), we find that it is 
about 3.0 for Florida U, pugnax and 1.3 for New York [/. piignax. But the com¬ 
parison of his results with those of the present writer is not entirely valid because 
of the different choice of temperature range for determination of the rates (see 
Rao and Bullock, 1954). 

II. Activity 

During the experiments on oxygen consumption, we noticed a difference be¬ 
tween the two populations of Uca pugilator in their ability to withstand low tempera¬ 
ture. After a five hours’ stay at 1.4° C., specimens of Uca from Florida were 
entirely relaxed and motionless as though dead. Not a single sensitive region of 
the body responded to touch. As they recovered, most of them were extremely 
spastic with occasional movements of their legs. This condition lasted as long 
as six days. Some appeared as if they were shivering. In October, of forty-two 
Florida crabs subjected to this temperature, eighteen were found dead on the 
next day. 

Individuals of Woods Hole Uca appeared much more resistant under the same 
conditions and behaved in a different way. Immediately after removal from their 
stay at 1.4° C., they were also very quiet, but one could notice a few very sluggish 
movements of their legs, and generally the eyes responded to touch. They re¬ 
covered rapidly, and sometimes some of them were moving around a quarter of 
an hour after they had been returned to room temperature. No spasticity at all 
could be observed. Of forty-two crabs subjected in October to 1.4° C. for five 
hours, only two were found dead on the next day. 

No difference at all could be found between representatives of the two popula¬ 
tions after they had been kept at 15° C. for six hours. 

III. Experimental acclimation at lozv temperature 

Oxygen consumption measurements were also undertaken at 1.4° C., after 
the animals of the two regions had been kept at a common lower temperature of 
10° C., to determine if there was any adaptation of metabolism and activity of the 
animals at such a low temperature. 

Florida Uca showed a slight decrease in oxygen consumption for the first 
seven days of the experiment (in comparison with the measurements made with 
crabs maintained at room temperature). By the end of the first week, a slight 
increase in the amount of oxygen uptake was noticed, but may not be really 
significant. Nevertheless, at this time, a change in the behavior of the Florida 
crabs was noticeable. Crabs transferred from room temperature to 10° C. became 
quickly inactive. Only when strongly disturbed did they respond by very slow 
and sluggish movements. They remained in the water all of the time. This 
behavior could be observed for five days, after which they gradually began to move, 
and on the seventh day all of them were found standing up on their legs. Now, 
much more sensitive, they were disturbed even by a threat of catching them, and 
many moved out of the water. This recovery of activity, clearly a sign of a certain 
amount of acclimation, coincided with the observed slight increase in respiration. 

It was also observed that after this previous stay at 10° C. the animals were 
more resistant to a five-hour stay at 1.4° C.; no spasticity was apparent when they 
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became active after exposure at this low temperature. Even after one day at 
10° C., they appeared to be able to see and to move their eyes and legs very slowly 
during their exposure to 1.4^ C. After three to eight days at the previous tempera¬ 
ture of 10° C., certain individuals recovered within a few minutes after removal 
from the 1.4° C. bath. 

Woods Hole Uca kept at 10° C. and compared with animals kept at 20° C. 
showed an important decrease in their metabolism for the first ten days and then 
an appreciable increase, but in any case the rate of oxygen consumption was higher 
than when measured after sojourn at room temperature. After thirty days at 
10° C. it decreased again, perhaps because the animals were eating very little at 
this low temperature. 

Discussion 

This work is an example to be added to those showing the existence of a 
latitudinal compensatory mechanism within representatives of a given species. 
Our results are partially in agreement with those of Roberts (1952), obtained with 
Pachygrapsus crassipes. This author compared the metabolism of four populations 
differing in latitude along the coast of California. He observed that when the 
oxygen consumption was measured at a common temperature of 16° C. during the 
winter, the more northern the populations, the more oxygen they consumed. 

They also agree with the latitudinal compensatory differences found in rates 
of ciliary pumping of water in the mussel Mytilus calijornianus (Rao, 1953). 
The rates of pumping for unit weight in Mytihis of similar weights from Los 
Angeles, Fort Ross and Friday Harbor are, at any given temperature, much higher 
for animals from higher latitudes than in those from lower latitudes. However, 
we must not forget that our own experiments bear upon only a very restricted 
life span of Uca pugilator. Animals of both populations were considered as adult 
crabs, and their weights did not vary outside the range 1.05 g.^.73 g. Therefore 
we could not study the fate of Q 02 ^^d Q^o over an extensive size range but we 
can satisfactorily and precisely compare these coefficients between our two groups. 

The higher rate of metabolism shown by Uca pugilator from Woods Hole as 
compared with Florida individuals was very obvious at the low temperature of 
1.4° C. At 15° C. the difference was not significant any longer. This temperature 
must be very close to the environmental temperature of Woods Hole crabs in 
October. One might predict that at their own habitat temperature the rates of 
Florida crabs would be slightly higher than those of Woods Hole crabs. Recently, 
Tashian (1956) found that in comparing the metabolism of the Florida and Xew 
York Uca pugnax, at a temperature of 24° C., the rates were quite similar. The 
measurements having been done during the summer, it happens that 24° C. cor¬ 
responds to the environmental temperature during the collecting periods. This 
author deduces that at their normal habitat temperatures the rates of the two 
populations are similar. If the measurements had been done during the winter 
when there is a marked difference between the water temperature of the two 
regions, the results would probably have been different. 

After keeping Uca for seven or eight weeks at a common temperature of 20° C., 
we could not, in contrast to Roberts, notice any decrease in the amount of oxygen 
consumed by the representatives of each locality. The fact that our animals were 
regularly fed may be responsible for this steady rate of metabolism. Moreover, 
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the difference noticed at the beginning of the experiments between the metabolism 
of the two populations could not be abolished by a sojourn of eight weeks at a 
common temperature. Roberts showed that Pachygrapsiis crassipes from different 
localities become adjusted to the new temperature of 16° C., at which they have 
been placed for six weeks, and that the original metabolic differences become 
doubtfully significant. This is not the case for Uca pugilator, at least from Woods 
Hole and Florida. 

From our experiments, it appears as if the two populations of Uca pugilator 
have acquired their own metabolic rates which have become fixed and not sus¬ 
ceptible to modification, at least when only one factor of their environment has 
been changed. The two populations, apparently good examples of “distance isola¬ 
tion,” have found conditions of existence quite different at their own habitats, and 
several ecologic factors are certainly responsible for their differences. According 
to the quite important difference in latitude, temperature is no doubt the most 
significant factor. 

Whether the physiological differences in metabolism and tolerance to low 
temperature in Uca pugilator of different latitudes are more than phenotypic, we 
cannot say. Work needs to be done with breeding tests. Knowledge of growth 
rates, time of sexual maturity, and behavior of the animals in each locality would 
be very useful. 

As we have already noted, no information about differences in morphology of 
the two populations could be found. After a comparative examination of the 
individuals, we can say that not very striking morphological characters occur. 
Nevertheless, after becoming familiar with the animals, we can easily separate the 
two forms by their color. Woods Hole Uca, always darker than those from 
Florida, are generally bluish-gray. Florida Uca are reddish-yellow. The shape 
of the claw is also slightly different, with longer dactylopodite and propodite for 
the individuals from Florida. 

Thus, the extreme range of Uca pugilator does not seem to be accompanied by 
great morphological modification. In our comparison between Carcinus maenas 
from Atlantic and Mediterranean French coasts, the morphological differentiation 
appeared more pronounced (Demeusy and Yeillet, 1953). But Uca, physio¬ 
logically, is succeeding very well, and it may provide an example of a physiological 
adaptation previous to important morphological speciation (Crane, 1943). 

By their physiological features (rates of oxygen consumption, sensitivity to 
low temperatures), as well as by a few morphological characteristics, the popula¬ 
tions of Uca pugilator from Woods Hole and from Florida might be separated 
into two subspecies. 

Summary 

Determinations of the respiratory rates of Uca pugilator from two different 
latitudes (Woods Hole and Florida) have been made at 1.4° and 15° C. 

1. Woods Hole Uca pugilator show a higher rate of metabolism at low tempera¬ 
ture than do specimens of the more southerly populations. 

2. Uca pugilator from the higher latitude are less sensitive to temperature 
changes than Uca pugilator of same weight from a southern latitude. This has 
been shown by a lower for the Woods Hole population. 

3. Woods Hole Uca are more resistant to low temperature than Florida Uca. 
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4. The same experiments made after the animals have been left at a common 

temperature of 20° C., show that a stay of seven or eight weeks under similar 

conditions does not abolish the metabolic differences observed between populations. 

5. These physiological characteristics and some morphological ones might be 

used to distinguish two subspecies of Uca pugilator. 

LITERATURE CITED 

Bose, L. A. G., 1801-2. Manuel de I’histoire naturelle des Crustaces contenant leur description 
et leurs moeurs; avec des figures dessinees d’apres nature. Vol. I, an. X. 

Bullock, T. H., 1955. Compensation for temperature in the metabolism and activity of 
poikilotherms. Biol. Rev., 30: 311-342. 

Chambers, E. G., 1952. Statistical calculation for beginners. Cambridge at the University 
Press. 

Crane, J., 1943. Display, breeding and relationships of fiddler crabs (Brach>mra, Genus Uca) 
in the northeastern United States. Zoologica, 28: 217-223. 

Dehnel, P. a., 1955. Rates of growth of gastropods as a function of latitude. Physiol. 
Zoo/., 28: 115-144. 

Demeusy, N., and a, Veillet, 1953. Sur Texistence de deux populations de Carcimis inaenas 
Pennant et sur les caracteres morphologiques qui les distinguent. C. R. Acad. Sci., 
236: 108&-1090. 

Grainger, J. N. R., 1956. Effects of changes of temperature on the respiration of certain 
Crustacea. Nature, 178: 930. 

Prosser, C. L., 1955. Physiological variation in animals. Biol. Rev., 30: 229-262. 

Rao, K. P., 1953. Rate of water propulsion in Mytilus californianus as a function of latitude. 
Biol. Bull., 104: 171-181. 

Rao, K. P., and T. H. Bullock, 1954. as a function of size and habitat temperature in 

poikilotherms. Amer. Nat., 88: 33-44. 

Rathbun, AI. j., 1918. The grapsoid crabs of America. Bull. U. S. Nat. Mus., iVo. 97, .v.vii, 
1-461. 

Roberts, J. L., 1952. Studies on thermal acclimatization in the lined shore crab, Pachygrapsus 
crassipes Randall. Ph.D. thesis, Univ. of Calif., Los Angeles. 

ScHOLANDER, P. F., W. Flagg, V. WALTERS AND L. Irving, 1953. Climatic adaptation in 
arctic and tropical poikilotherms. Physiol. Zool., 26: 67-92. 

Sparck, R., 1936. On the relation between metabolism and temperature in some marine 
lamellibranchs and its zoogeographical significance. Biol. Medd., 13: 1-27. 

Tashian, R. E., 1956. Geographic variation in the respiratory metabolism and temperature 
coefficient in tropical and temperate forms of the fiddler crab, Uca pugnax. Zoologica, 
41: 39-47. 

Thorson, G., 1936. The larval development, growth and metabolism of arctic marine bottom 
invertebrates compared with those of other seas. Medd. Gr^nland, Vol. 100, No. 6. 

Thorson, G., 1956. Alarine level-bottom communities of recent seas, their temperature 
adaptation and their “balance” between predators and food animals. Trans. N. Y. 
Acad. Sci., 18: 693-700. 

Wingfield, C. A., 1939. The activity and metabolism of poikilothermal animals in different 
latitudes. IV. Proc. Zool. Soc. London, Ser. A, 109: 103-108. 


